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Description 

PREMIXED XHARGE COMPRESSION IGNITION 
ENGINE AND RECIPROCATING GENERATOR HAVING 

THE SAME 

Technical Field 

[ 1 ] The present invention relates, in general, to premixed charge compression ignition 

(PCCI) engines and, more particularly, to a PCCI engine that has a fuel injector in a 
suction manifold.to.pro.vide a premixed charge of fuel and air and induced a natural 
ignition of the premixed charge in a combustion chamber of a high temperature and 
high pressure without using a separate electric igniter, and that has a structurally 
improved connecting rod having a spring operated in organic conjunction with the 
other elements of the PCCI engine. The present invention further relates to a PCCI re- 
ciprocating generator that is fabricated by a combination of a reciprocating generator 
unit with the PCCI engine, and thus, the generator operates with improved operational 
efficiency. 

Background Art 

[2] Generally, in conventional gasoline engines, fuel is premixed with air to prepare a 

premixed charge which is, thereafter, electrically ignited in a combustion chamber to 
generate desired power. When the premixed charge of fuel and air is compressed at a 
higher compression ratio during a compression stroke, the temperature of the premixed 
charge increases to a level higher than a natural ignition point of the premixed charge. 
Thus, the premixed charge in the gasoline engines is early, naturally and repeatedly 
ignited at severafepoints before a piston reaches the upper dead point in the combustion 
chamber, so thaMhe premixed charge is almost instantaneously ignited until the piston 
reaches the upper dead point. The early natural ignition of the premixed charge in the 
gasoline engines undesirably generates noise caused by an engine knocking reduces 
engine performance, and further causes damage to the engine. Therefore, to overcome 
the above-mentioned problems, the conventional gasoline engines must limit the 
maximum level of the compression ratio which is a value resulting from dividing the 
volume of the combustion chamber at the lower dead point by the volume of the 
combustion chamber at the upper dead point. That is, the conventional gasoline 
engines must limit the height of the upper dead point in a cylinder. 

[3] Different from the conventional gasoline engines, Diesel engines compress only air 

during a compression stroke and thereafter, inject fuel to the compressed air, thus 
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inducing a natural ignition of the fuel. Because only, the.air is compressed during, the 
compression stroke, the Diesel engines do not induce any natural ignition of the fuel 
during the compression stroke. Thus, the Diesel engines can be designed to operate at a 
higher compression ratio of 12 - 24 which is considerably higher than that of the 
gasoline engines. The conventional Diesel engines inject the fuel into the combustion 
chamber by a fuel injector, and the injected fuel is continuously ignited for a long 
period from a time the piston moves from the upper dead point. However, because the 
fuel in the combustion chamber of the conventional Diesel engines is in contact with 
the compressed air for a short period different from the conventional gasoline engines, 
the Diesel engines are problematic in that the fuel cannot be sufficiently mixed with 
the compressed air. 

In an effort to overcome the problems of both the conventional gasoline engines 
and the conventional Diesel engines, a premixed charge compression ignition engine 
(PCCI engine) has been proposed and used. The PCCI engine results from a 
combination of the advantages of both the gasoline engines and the Diesel engines, 
thus inducing a lean burn of fuel, improving a fuel mileage and increasing an engine 
output power. 

The PCCI engine premixes fuel with air to provide a premixed charge, and induces 
a natural ignition of the premixed charge to generate power. Several types of con- 
ventional PCCI engines have been proposed. Examples of the conventional PCCI 
engines will be described herein below, with reference to FIGS. 1, 2 and 3 (use of the 
reference numerals shown in FIGS. 1, 2 and 3 is limited to the embodiments shown in 
the drawings). 

FIGS. 1 and 2 show a conventional PCCI engine disclosed in Korean Patent Ap- 
plication N>. 1996-063089. As shown in FIGS. 1 and 2, the conventional PCCI engine 
comprises a cylinder head 1 provided with both a suction manifold 3 and an exhaust 
manifold 4. An air cleaner 10 is provided at an inlet of the suction manifold 3. 

The PCCI engine further includes a throttle body 7, a heater 8, and a temperature 
sensor 9. The throttle body 7 is installed at an intermediate position of the suction 
manifold 3 to control an amount of inlet combustion air. The heater 8 is provided on 
the suction manifold 3 at a position in front of the throttle body 7. The temperature 
sensor 9 is provided on the suction manifold 3 at a position in back of the throttle body 
7. Both the heater 8 and the temperature sensor 9 respectively have electric circuits 
that are connected to an engine control unit 6 via electric wires. 

The PCCI engine having the above-mentioned construction executes an adiabatic 
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compression of a premixed charge of fuel and air at a high temperatureand high, 
pressure, and ignites the compressed premixed charge to burn the premixed charge. In 
the conventional PCCI engine, both the ignition quality and the lean burn air/fuel ratio 
vary according to a temperature of the inlet combustion air drawn into a combustion 
chamber 2. In a detailed description, the ignition quality is improved and the lean burn 
air/fuel ratio increases in proportion to an increase in the temperature of the inlet 
combustion air. In FIGS. 1 and 2, the reference numeral 5 denotes a fuel injector. 

[9] FIG. 3 shows a conventional gasoline PCCI engine disclosed in Korean Patent Ap- 

plication N>. 1999-0067615. As shown in FIG. 3, the gasoline PCCI engine comprises 
a combustion chamber 1 which is defined between a cylinder head 2 and a piston 3. 
Both a suction port 4 and an exhaust port 6 are provided at the upper end of the 
combustion chamber 1. The suction port 4 guides inlet air from a suction manifold 8 
into the combustion chamber 1, while the exhaust port 6 discharges exhaust gases from 
the combustion chamber 1 to an outside of the engine. 

[10] The suction port 4 is provided with a suction valve 5 to control the suction port 4, 

thus drawing a premixed charge of fuel and air into the combustion chamber 1. The 
exhaust port 6 is provided with an exhaust valve 5 to control the exhaust port 6, thus 
discharging the combustion gases from the combustion chamber 1 to the outside of the 
engine after a combustion of the premixed charge. 

[1 1] In the conventional gasoline PCCI engine, a first injector 9 is installed in the 

suction manifold 8 to inject a predetermined amount of gasoline to the inlet air that 
flows through the suction manifold 8 Thus, the gasoline is premixed with the inlet air 
in the suction manifold 8, so that an ultra-lean premixed charge of gasoline and air is 
prepared in the suction manifold 8 When the fuel, which is the gasoline, is injected 
into the inlet air in the suction manifold 8, the fuel flows to the suction port 4 in a state 
of being premixed with the inlet air prior to being drawn into the combustion chamber 
1. Therefore, the fuel is homogeneously mixed with the air to provide a homogeneous 
premixed charge. 

[12] The gasoline PCCI engine further includes a second injector 10 of the direct 

injection type which is installed at the upper end of the combustion chamber 1 to inject 
a predetermined amount of fuel into the combustion chamber 1 at a last stage of an 
exhaust stroke. In the above state, the fuel is directly injected from the second injector 
10 to a flow depression 1 1 that is formed on an upper end of the piston 3. Thus, the 
fuel flows in the combustion chamber 1 while tumbling so that the fuel is homo- 
geneously mixed with the air. 
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[13] The above-mentioned conventional techniques which propose Jhe PCCI engines, 

disclose only the basic constructions of the conventional PCCI engines, but do not 
describe any detailed techniques to increase the compression ratio, to increase the 
height of the upper dead point or to prevent the natural ignition of fuel before the 
piston reaches the upper dead point. Particularly, the conventional gasoline PCCI 
engine of FIG. 3 has the second igniter, so that there is no practical difference in the 
construction or operation effect between the gasoline PCCI engine and the con- 
ventional Diesel engines. 
Disclosure of Invention 

Technical- Solution 

[ 14] Accordingly, the present invention has been made keeping in mind the above 

problems occurring in the prior art, and an object of the present invention is to provide 
a PCCI engine that injects a cooling fluid to a hot premixed charge of fuel and air from 
a cooling nozzle during a compression stroke of a piston, thus reducing the 
temperature of the premixed charge in a combustion chamber to retard the natural 
ignition of the premixed charge, thus accomplishing a higher compression ratio of 
about 3Q 

[15] Another object of the present invention is to provide a structurally improved 

connecting rod which has a spring and is used in the PCCI engine having the cooling 
nozzle, so that a thrust force, which is applied to the piston just before the piston 
reaches the upper dead point, is stored as a restoring force in the spring and the 
restoring force of the spring is, thereafter, applied to the connecting rod just after the 
piston passes the upper dead point, thus reducing energy loss of the PCCI engine. 

[16] A further object of the present invention is to provide a multiple PCCI engine in 

which two PCCI engines are arranged to symmetrically face each other, thus 
minimizing vibration during reciprocating motions of two pistons of the two PCCI 
engines and reducing heat loss by a reduction in the heat transfer area of the engine. 

[17] Yet another object of the present invention is to provide a PCCI reciprocating 

generator which is fabricated by a combination of a reciprocating generator unit with 
the PCCI engine, and in which a crankshaft is installed in back of the generator unit, in 
place of a conventional position of the crankshaft between the generator unit and a 
piston, thus reducing energy loss at an intermediate position between the reciprocating 
generator unit and the piston. 

[18] In an aspect, the present invention provides a PCCI engine to compress a premixed 

charge of fuel and air at a high temperature and a high pressure, and thus, induce a 
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natural ignition of the premixcd charge, the PCCI engine comprising: a suction-port 
provided with a suction valve; an exhaust port provided with an exhaust valve; a 
suction manifold placed to communicate with the suction port, and provided with an 
injector, thus homogeneously mixing the fuel with the air therein to provide the 
premixed charge; a cooling nozzle provided at an upper end in a combustion chamber 
of a cylinder; a fluid feed pump to feed a cooling fluid to the cooling nozzle at a high 
pressure; and a storage tank to store the cooling fluid therein, wherein the cooling 
nozzle injects the cooling fluid into the combustion chamber at a high pressure during 
a compression stroke of a piston in the cylinder, thus providing a high compression 
ratio to induce the natural ignition of the premixed charge. 
[19] The PCCI engine may further comprise a connecting rod which comprises: a first 

connecting rod part coupled at both ends thereof to the piston and a first support plate, 
respectively; a second connecting rod part coupled at both ends thereof to a crankshaft 
and a second support plate, respectively; and a plurality of springs to support and 
couple the first and second support plates to each other. 
[20] The PCCI engine may further comprise an electric igniter which is provided at an 

upper portion of the combustion chamber. 
[21] In another aspect, the present invention provides a PCCI reciprocating generator 

which is fabricated by a combination of a reciprocating generator unit with the PCCI 
engine to generate electricity. 
[22] In the PCCI reciprocating generator, the reciprocating generator unit may be 

coupled at a first end thereof to a first connecting rod part which is coupled to the 
piston, and at a second end thereof to a second connecting rod part which is coupled to 
a crankshaft, so that work of the piston is transmitted to the reciprocating generator 
unit without being reduced by the crankshaft. 
[23] In the PCCI reciprocating generator, in place of the direct coupling of the re- 

ciprocating generator unit to the second connecting rod part, the reciprocating 
generator unit may be coupled to a first support plate, and the second connecting rod 
part may be coupled to a second support plate, with a plurality of springs which 
support and couple the first and second support plates to each other. 
[24] The PCCI reciprocating generator may further comprise an electric igniter 

provided at an upper portion of the combustion chamber. 
[25] In a further aspect, the present invention provides a PCCI engine to compress a 

premixed charge of fuel and air at a high temperature and a high pressure, and thus, 
induce a natural ignition of the premixed charge, the PCCI engine comprising: a 
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combustion chamber provided at a sidewall. thereof with.both.a.suction-port-having-a - 
suction valve and an exhaust port having an exhaust valve; a suction manifold coupled 
to the suction port and having an injector therein; and first and second pistons re- 
spectively arranged in lower and upper parts in the combustion chamber to face each 
other, so that the first and second pistons reciprocate in opposite directions based on 
the combustion chamber. 

[26] The PCCI engine may further comprise: a cooling nozzle provided on the sidewall 

of the combustion chamber; a fluid feed pump to feed a cooling fluid to the cooling 
nozzle at a high pressure; a storage tank to store the cooling fluid therein; a 
temperature sensor to sense a temperature of the combustion chamber; and a controller 
to control the engine so that the cooling nozzle injects the cooling fluid into the 
combustion chamber when the temperature of the combustion chamber sensed by the 
temperature sensor is not lower than a predetermined reference point. 

[27] The PCCI engine may further comprise: first and second crankshafts respectively 

coupled to the first and second pistons through a mechanical manner; first and second 
pulleys respectively coupled to the first and second crankshafts; and a belt wrapped 
around the first and second pulleys to allow the first and second pistons to reciprocate 
in the opposite directions based on the combustion chamber. 

[28] The PCCI engine may further comprise: a first connecting rod part coupled at both 

ends thereof to the first piston and a first support plate, respectively; a second 
connecting rod part coupled at both ends thereof to the first crankshaft and a second 
support plate, respectively; a plurality of first springs to support and couple the first 
and second support plates to each other; a third connecting rod part coupled at both 
ends thereof to the second piston and a third support plate, respectively; a fourth 
connecting rod part coupled at both ends thereof to the second crankshaft and a fourth 
support plate, respectively; and a plurality of second springs to support and couple the 
third and fourth support plates to each other. 
[29] In a further aspect, the present invention provides a PCCI reciprocating generator 

having a PCCI engine structure to compress a premixed charge of fuel and air at a high 
temperature and a high pressure, and thus, induce a natural ignition of the premixed 
charge, the PCCI reciprocating generator comprising: a combustion chamber provided 
at a sidewall thereof with both a suction port having a suction valve and an exhaust 
port having an exhaust valve; a suction manifold coupled to the suction port and 
having an injector therein; first and second pistons respectively arranged in lower and 
upper parts in the combustion chamber to face each other, so that the first and second 
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[30] 



pistons reciprocate in opposite directions based on the combustion chamber; and-first 
and second reciprocating generator units to generate electricity using reciprocating 
forces of the first and second pistons, respectively. 

The PCCI reciprocating generator may further comprise: a cooling nozzle provided 
on the sidewall of the combustion chamber; a fluid feed pump to feed a cooling fluid to 
the cooling nozzle at a high pressure; a storage tank to store the cooling fluid therein; a 
temperature sensor to sense a temperature of the combustion chamber; and a controller 
to control the generator so that the cooling nozzle injects the cooling fluid into the 
combustion chamber when the temperature of the combustion chamber sensed by the 
temperature sensor is not lower than a predetermined reference point. 
[31] The PCCI reciprocating generator may further comprise: first and second 

crankshafts respectively coupled to the first and second pistons through a mechanical 
manner; first and second pulleys respectively coupled to the first and second 
crankshafts; and a belt wrapped around the first and second pulleys to allow the first 
and second pistons to reciprocate in the opposite directions based on the combustion 
chamber. 

[32] In the PCCI reciprocating generator, the first reciprocating generator unit may be 

coupled at a first end thereof to a first connecting rod part which is coupled to the first 
piston, and at a second end thereof to a second connecting rod part which is coupled to 
the first crankshaft, and the second reciprocating generator unit may be coupled at a 
first end thereof to a third connecting rod part which is coupled to the second piston, 
and at a second end thereof to a fourth connecting rod part which is coupled to the 
second crankshaft. 

[33] The PCCI reciprocating generator may further comprise: a first support plate 

coupled to the second end of the first reciprocating generator unit; a second support 
plate coupled to the second connecting rod part; a plurality of first springs to support 
and couple the first and second support plates to each other; a third support plate 
coupled to the second end of the second reciprocating generator unit; a fourth support 
plate coupled to the fourth connecting rod part; and a plurality of second springs to 
support and couple the third and fourth support plates to each other. 

Description of Drawings 

[34] The above and other objects, features and other advantages of the present invention 

will be more clearly understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

[35] FIGS. 1 and 2 are views showing a conventional PCCI engine disclosed in Korean 
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Patent Application No. 1996^063089; . ._ 
[36] FIG. 3 is a sectional view showing a conventional gasoline PCCI engine disclosed 

in Korean Patent Application N>. 1999-0067615; 
[37] FIG. 4 is a sectional view showing an operation of a conventional PCCI engine; 

[38] FIG. 5 is a sectional view showing an operation of a PCCI engine having a cooling 

nozzle, according to an embodiment of the present invention; 
[39] FIG. 6 is a sectional view showing a PCCI engine provided with first and second 

support plates and a plurality of springs as well as the cooling nozzle, according to 

another embodiment of the present invention; 
[40] Hg. 7 is a PCCI reciprocating generator fabricated by a combination of a re- 

ciprocating generator unit with the PCCI engine of FIG. 6, according to a further 

embodiment of the present invention; 
[41] FIG. 8 is a multiple PCCI engine fabricated by a combination of two PCCI engines 

of FIG. 6 such that the two PCCI engines are arranged to face each other, according to 

a further embodiment of the present invention; and 
[42] FIG. 9 is a sectional view of a multiple PCCI reciprocating generator fabricated by 

a combination of reciprocating generator units with the multiple PCCI engine of FIG. 

8, according to a further embodiment of the present invention. 

Best Mode 

[43] Reference should now be made to the drawings, in which the same reference 

numerals are used throughout the different drawings to designate the same or similar 
components. 

[44] FIG. 4 is a sectional view showing an operation of a conventional PCCI engine. 

[45] As shown in FIG. 4, during the operation of the conventional PCCI engine, inlet air 

is drawn into the engine through a suction manifold & In the suction manifold 8, the 
inlet air is mixed with high pressure fuel injected from an injector 6. The mixing of the 
fuel with the air in the suction manifold 8 before the fuel is introduced into a 
combustion chamber 20 is so-called a 'premixing' in the related art, and the premixed 
fuel and air in the above state is so-called a 'premixed charge'. The premixed charge is 
introduced into the combustion chamber 20 when the suction port 2 is opened. 

[46] In the combustion chamber 20, the premixed charge is highly heated and highly 

compressed thus having a high temperature and high pressure. When a piston 40 
reaches an upper dead point A of the cylinder, a natural ignition of the premixed 
charge is induced. In the conventional PCCI engine, the intervals of strokes of the 
piston 40 increase as the height of the upper dead point becomes higher and the height 



WO 2004/090302 



9 



PCT/KR2004/000633 



[49] 
[50] 



of the lower dead. pint becomes.lower. In other words, the -intervals of strokesin the 
conventional PCCI engine increase in proportion to a compression ratio. 

[47] The conventional PCCI engine executes an explosion stroke after the compression 

stroke, and thus, the piston 40 moves downward. In the above state, an exhaust valve 
10 is opened so that combustion gases are discharged from the combustion chamber 
20 to an outside of the engine through an exhaust port 12. 

[48] When the piston 40 in the conventional PCCI engine completely reaches the upper 

dead point A, the temperature of the premixed charge increases higher than a natural 
ignition point of the premixed charge. Thus, a natural ignition of the premixed charge 
is induced in the combustion chamber, so that it is impossible to move the piston over 
the upper dead point A. 

In FIG. 4, the reference numeral 42 denotes a connecting rod. 
FIG. 5 is a sectional view showing an operation of a PCCI engine having a cooling 
nozzle 22, according to an embodiment of the present invention. 
[51] As shown in FIG. 5, the cooling nozzle 22 is connected to a cooling fluid storage 

tank 28 which contains a cooling fluid therein. A cooling fluid pump 30 is provided on 
the storage tank 28 to feed the cooling fluid from the storage tank 28 to the cooling 
nozzle 22 at a high pressure, so that the cooling fluid is injected into a combustion 
chamber 20 from the cooling nozzle 22. In the present invention, it is preferred to use 
water as the cooling fluid. 

[52] In the PCCI engine of the present invention, the cooling fluid pump 30 preferably 

feeds the cooling fluid from the storage tank 28 to the combustion chamber 20 during a 
compression stroke of the piston 40 To timely inject the cooling fluid into the 
combustion chamber 20, the PCCI engine of the present invention preferably has both 
a temperature sensor (not shown) in the combustion chamber 20 and a controller (not 
shown) to control the engine according to a sensed temperature of the combustion 
chamber 20 When the temperature in the combustion chamber 20 sensed by the 
temperature sensor (not shown) is not lower than a predetermined reference point (for 
example, a point lower than a natural ignition point of the premixed charge by 10 0 C), 
the controller (not shown) controls the PCCI engine so that the cooling nozzle 22 
injects the cooling fluid into the combustion chamber 20 

[53] Therefore, during the compression stroke of the piston 40, the temperature of the 

high temperature and high pressure premixed charge in the combustion chamber 20 is 
reduced by the water which is injected under a high pressure. Thus, even though the 
piston 40 further compresses the premixed charge in the combustion chamber 20, there 
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does not occur an undesired natural ^ 
chamber 2Ct 

[54] In the operation of the PCCI engine of the present invention, the piston 40 passes 

the point A, which corresponds to the upper dead point of the conventional PCCI 
engine, and reaches the higher point B while compressing the premixed charge in the 
combustion chamber 20. In other words, the water injected from the cooling nozzle 22 
into the combustion chamber 20 reduces the temperature in the chamber 20, so that the 
pressure of the chamber 20 increases. Thus, the piston 40 in the cylinder compresses 
the premixed charge in the combustion chamber 20 at a higher compression ratio. The 
compression ratio is an important variable that determines the engine efficiency. As 
the compression ratio increases, the engine efficiency is improved. The PCCI engine of 
the present invention accomplishes a compression ratio of about 3Q 
[55] The PCCI engine of the present invention is provided with an electric igniter 24 in 

the combustion chamber 20 to ignite the premixed charge when the temperature of the 
combustion chamber 20 is excessively reduced. In the present invention, a con- 
ventional electric igniter may be preferably used as the electric igniter 24. When the 
temperature of the combustion chamber 20 is substantially low such that it is almost 
impossible to induce a natural ignition of the premixed charge during for example, the 
winter season, it is preferred to initially ignite the premixed charge by the electric 
igniter 24. When the temperature of the combustion chamber 20 increases to a desired 
point after the electric ignition, the premixed charge is naturally ignited. 
[56] FIG. 6 is a view showing a structurally improved connecting rod which has a 

plurality of springs 44 and is used in the PCCI engine of the present invention. 
[57] The connecting rod of the present invention is divided into first and second 

connecting rod parts 42 and 46 which are coupled to each other by first and second 
support plates 43 and 45 and the plurality of springs 44. The first connecting rod part 
42 is coupled at both ends thereof to both the piston 40 and the first support plate 43, 
respectively. The plurality of springs 44 are interposed between the first and second ' 
support plates 43 and 45, thus supporting and coupling the first and second support 
plates 43 and 45 to each other. 
[58] The second support plate 45 is coupled to a first end of the second connecting rod 

part 46. The second connecting rod part 46 is also coupled at a second end thereof to a 
crankshaft 48 which converts a reciprocating motion of the piston 40 into a rotating 
motion. 

[59] During an operation of the PCCI engine having the above-mentioned connecting 
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[60] 



rod, the premixed charge of fue_l_and air is introduced intothe combustion chamber 20 
and the piston 40 executes a compression stroke in which the piston 40 moves upward 
in the cylinder to the upper dead point while compressing the premixed charge. During 
the compression stroke of the piston 40, the cooling fluid is injected into the 
combustion chamber 20 from the cooling nozzle 22, thus reducing the temperature of 
the chamber 20. Due to the reduction in the temperature of the combustion chamber 
20, the piston 40 can further compress the premixed charge to induce a natural ignition 
of the premixed charge in the combustion chamber 20 

When the premixed charge is naturally ignited at a time the piston 40 reaches a 
position around the upper dead point, the piston 40 is thrust downward while the 
crankshaft 48 continuously rotates upward. In the above state, impacts applied from 
both the piston 40 and the crankshaft 48 are absorbed by the first and second support 
plates 43 and 45, while the kinetic energy of the impacts is stored as a restoring force 
in the elastic springs 44. Therefore, the piston 40 freely and flexibly moves in the 
cylinder at a position around the upper dead point. 
[6 1 ] When the crankshaft 48 starts to rotate downward to correspond to a downward 

movement of the piston 40, the springs 44 elastically pushes the crankshaft 44 by the 
restoring force. Therefore, the connecting rod of the present invention having the first 
and second support plates 43 and 45 and the plurality of springs 44 does not lose 
energy, but reuses the energy. 
[62] The piston 40 which can freely and flexibly move in the cylinder at a position 

around the upper dead point is so-called a 'free piston' in the related art. 

Hg. 7 is a PCCI reciprocating generator fabricated by a combination of a re- 
ciprocating generator unit 50 with the PCCI engine of the present invention to generate 
electricity, according to another embodiment of the present invention. 
[64] The reciprocating generator unit 50 installed in the PCCI reciprocating generator of 

FIG. 7 converts the reciprocating motion of the piston 40 of the PCCI engine into 
electricity. An example of the reciprocating generator unit 50 is referred to Korean 
Patent Application No. 2001-0012409. 
[65] The reciprocating generator unit 50 comprises a mover (not shown) which 

generates a magnetic force, and a stator (not shown) which has a coil to operate in 
conjunction with the mover and thereby generates electricity. The mover comprises a 
plurality of magnets (not shown) to generate the magnetic force. The plurality of 
magnets of the mover are provided with field windings to provide an electromagnetic 
force which generates a magnetic flux to increase the voltage of the generated 
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electricity.. The field windingS-of-the mover are connected to field winding terminals 
through which external electricity is applied to the field windings from an external 
power source. 

[66] The reciprocating generator unit 50 of the PCCI reciprocating generator is coupled 

to the piston 40 via the first connecting rod part 42. 

[67] Different from a conventional arrangement in which a piston, a crankshaft and a 

rotary type generator unit are sequentially arranged, the present invention provides an 
arrangement in which the piston 40, the reciprocating generator unit 50 and the 
crankshaft 48 are sequentially arranged. The conventional arrangement is problematic 
in that a part of the reciprocating motion of the piston may be lost at the crankshaft 
before the reciprocating motion is transmitted to the rotary type generator unit. Thus, 
the conventional arrangement causes energy loss. 

[68] However, in the arrangement of the present invention in which the piston 40, the 

reciprocating generator unit 50 and the crankshaft 48 are sequentially arranged the re- 
ciprocating motion of the piston 40 is primarily transmitted to the reciprocating 
generator unit 50 Thus, the present arrangement preferably reduces energy loss by 
about 2%. 

[69] The piston 40 of the PCCI reciprocating generator is coupled to the mover (not 

shown) through the first connecting rod part 42. At the lower end of the reciprocating 
generator unit 50, the mover (not shown) of the generator unit 50 may be directly 
coupled to the second connecting rod part 46. 

[70] Furthermore, the mover (not shown) of the reciprocating generator unit 50 may be 

coupled to the first support plate 43, while the crankshaft 48 may be coupled to the 
second connecting rod part 46 which is in turn coupled to the second support plate 45, 
as shown in FIG. 7. In the above state, the first and second support plates 43 and 45 are 
preferably supported and coupled by the plurality of springs 44. 

[71] The operation of the PCCI reciprocating generator remains the same as that 

described for the PCCI engine of the present invention, except for the operation of the 
reciprocating generator unit 50 which is interposed between the piston 40 and the 
crankshaft 48. 

[72] When supply of electricity for the reciprocating generator unit 50 of the PCCI re- 

ciprocating generator according to the present invention is stopped the generator unit 
50 is free from any load thus allowing a user to selectively use the PCCI reciprocating 
generator as a PCCI engine or a PCCI generator while controlling the supply of 
electricity for the generator unit 50 In other words, when electricity is applied to the 
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generator unit 50, the PCCI reciprocating generator is used as .the.PCCI-generator to 
generate electricity. However, when any electricity is not applied to the generator unit 
50, the PCCI reciprocating generator is used as the PCCI engine to provide work using 
the rotating force of the crankshaft 4a 

[73] The stator (not shown) of the reciprocating generator unit 50 is mounted to an 

engine casing thus supporting the reciprocating generator unit 5Q 

[74] FIG. 8 is a multiple PCCI engine fabricated by a combination of two PCCI engines 

of FIG. 6 such that the two PCCI engines are arranged to face each other, according to 
a further embodiment of the present invention. 

[75] As shown in FIG. 8, in the multiple PCCI engine according to the further 

embodiment of the present invention, a suction port 4, an exhaust port 12, a cooling 
nozzle 22 and an electric igniter 24 are provided on a sidewall of a combustion 
chamber 20, different from the embodiments of FIGS. 5 through 7. In the present 
invention, it is preferred to install the suction port 4, the exhaust port 12, the cooling 
nozzle 22 and the electric igniter 24 are provided on the sidewall of the combustion 
chamber 20 at positions between the upper dead points B and B' of first and second 
pistons 40a and 40). 

[76] The first and second pistons 40a and 40) are respectively arranged in the lower and 

upper parts in the combustion chamber 20 to face each other, so that the first and 
second pistons 40a and 4Cb reciprocate in opposite directions based on the combustion 
chamber 20. 

[77] In a detailed description, the first piston 40a is coupled to a first crankshaft 48a via 

a first connecting rod part 42a a first support plate 43a a plurality of first springs 44a 
a second support plate 45a and a second connecting rod part 46a in the same manner 
as that described for the embodiment of FIG. 6. Similarly, the second piston 40) is 
coupled to a second crankshaft 4Sb via a third connecting rod part 42b, a third support 
plate 43b, a plurality of second springs 44b, a fourth support plate 45b, and a fourth 
connecting rod part 46b 

[78] In the multiple PCCI engine of the present invention, it is necessary to construct 

the engine so that the first and second pistons 40a and 40) can reciprocate in the 
cylinder in the opposite directions based on the combustion chamber 20 with a desired 
precision. In other words, the multiple PCCI engine must be constructed so that the 
first and second pistons 40a and 40) synchronously execute the suction strokes, the 
compression strokes, the explosion strokes and the exhaust strokes thereof. To 
accomplish the above-mentioned object, the multiple PCCI engine of the present 
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invention isprovided with first and second pulleys 60a and 60) that are connected io 
each other by a belt 62. 

[79] That is, the first and second crankshafts 48a and 4Sb are respectively coupled to 

the first and second pulleys 60a and 6(b around which the belt 62 is wrapped. Thus, 
the first and second pistons 40a and 40, reciprocate in the cylinder in the opposite 
directions based on the combustion chamber 20 with the desired precision. 

[80] Because the first and second pistons 40a and 40) reciprocate in the cylinder in the 

opposite directions based on the combustion chamber 20 with the desired precision, it 
is possible to reduce vibration during the operation of the PCCI engine. Furthermore, 
the multiple PCCI engine of the present invention does not require any cylinder head 
thus reducing the heat transfer area of the engine to reduce heat loss. 

[81] In the same manner as that described for the embodiments of FIGS. 5 through 7, 

the multiple PCCI engine of the present invention comprises a suction valve 2 in the 
suction port 4, and an exhaust valve 10 in the exhaust port 12. A suction manifold 8 
having an injector 6 is coupled to the suction port 4. Furthermore, the cooling nozzle 
22 is connected through a pipe to a cooling fluid storage tank 28 which contains 
therein the cooling fluid. A cooling fluid pump 30 is provided on the storage tank 28 to 
feed the cooling fluid from the storage tank 28 to the cooling nozzle 22 at a high 
pressure, so that the cooling fluid is injected into the combustion chamber 20 from the 
cooling nozzle 22. In the multiple PCCI engine, it is preferred to use water as the 
cooling fluid. 

[82] In the multiple PCCI engine, the cooling fluid pump 30 is preferably operated to 

inject the cooling fluid into the combustion chamber 20 during the compression strokes 
of the first and second pistons 40a and 40x To accomplish the above-mentioned 
object, the multiple PCCI engine preferably has both a temperature sensor (not shown) 
in the combustion chamber 20 and a controller (not shown) to control the engine 
according to a sensed temperature of the combustion chamber 20 When the 
temperature in the combustion chamber 20 sensed by the temperature sensor (not 
shown) is not lower than a predetermined reference point, the controller (not shown) 
controls the multiple PCCI engine so that the cooling nozzle 22 injects the cooling 
fluid into the combustion chamber 20 

Therefore, during the compression strokes of the first and second pistons 40a and 
40,, the temperature of the high temperature and high pressure premixed charge in the 
combustion chamber 20 is reduced by the water which is injected into the combustion 
chamber 20 under a high pressure. Thus, even though the first and second pistons 40a 
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and 4(b further compress the premixed charge in the combustion chamber 20,there 
does not occur an undesired natural ignition of the premixed charge in the combustion 
chamber 2Q 

[84] Therefore, the multiple PCCI engine of the present invention increases the 

compression ratio to improve the engine efficiency. 
[85] FIG. 9 is a sectional view of a multiple PCCI reciprocating generator fabricated by 

a combination of first and second reciprocating generator units 50a and 50b with the 

multiple PCCI engine of FIG. 8, according to a further embodiment of the present 

invention. 

[86] The multiple PCCI reciprocating generator according to the further embodiment of 

the present invention is constructed as follows. 

[87] In the multiple PCCI reciprocating generator, the mover (not shown) of the first re- 

ciprocating generator unit 50a is coupled at a first end thereof to a first connecting rod 
part 42a, and at a second end thereof to a second connecting rod part 46a through a 
first support plate 43a a plurality of first springs 44a and a second support plate 45a. 
In the same manner, the mover (not shown) of the second reciprocating generator unit 
50b is coupled at a first end thereof to a third connecting rod part 42b, and at a second 
end thereof to a fourth connecting rod part 46b through a third support plate 43b, a 
plurality of second springs 44b and a fourth support plate 45b 

[88] Furthermore, the stators (not shown) of the first and second reciprocating generator 

units 50a and 50b are mounted to an engine casing thus supporting the reciprocating 
generator units 50a and 5Qx 

The operation of the multiple PCCI reciprocating generator remains the same as 
that described for the multiple PCCI engine of FIG. 8, except for the operation of the 
first and second reciprocating generator units each of which is interposed between a 
piston and a crankshaft. 

As described above, the PCCI engine of the present invention has a cooling nozzle 
to inject a cooling fluid to a hot premixed charge of fuel and air in a combustion 
chamber, thus retarding a natural ignition of the premixed charge and accomplishing a 
higher compression ratio, and thereby improving the engine efficiency. 
[91] The PCCI engine of the present invention has a structurally improved connecting 

rod with a plurality of springs. Thus, the compressive energy generated by the opposite 
directional movements of the piston and the crankshaft when a piston reaches a 
position around the upper dead point is stored as a restoring force in the springs. The 
restoring force of the springs is, thereafter, used to push the crankshaft when both the 
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piston and the crankshaft move in the same direction. Thus, the connecting rod.having 
the springs reduces energy loss of the PCCI engine. 
[92] The present invention further provides a multiple PCCI engine in which two PCCI 

engines are arranged to symmetrically face each other. Thus, the multiple PCCI engine 
minimizes vibration during the reciprocating motions of two pistons of the two PCCI 
engines. Because the multiple PCCI engine does not require any cylinder head it is 
possible to reduce heat loss by a reduction in the heat transfer area of the multiple 
PCCI engine. 

[93] The present invention further provides a PCCI reciprocating generator that is 

fabricated by a combination of a reciprocating generator unit with the PCCI engine, 
thus improving the electricity generating efficiency of the reciprocating generator. 
[94] In the PCCI reciprocating generator of the present invention, the reciprocating 

generator unit is coupled to the piston of the PCCI engine with a crankshaft installed in 
back of the reciprocating generator unit, thus reducing energy loss at the crankshaft. 
[95] The PCCI reciprocating generator of the present invention can be selectively used 

as a PCCI engine or a reciprocating generator as desired. 

Industrial Applicability 
[96] As described above, the present invention provides a PCCI engine which is 

provided with an injector in a suction manifold to inject fuel to inlet air, thus preparing 
a premixed charge of fuel and air in the suction manifold and in which the premixed 
charge is naturally ignited in a high temperature and high pressure combustion 
chamber without any separate electric igniter. The present invention further provides a 
PCCI reciprocating generator fabricated by a combination of a reciprocating generator 
unit with the PCCI engine. 

[97] Although the preferred embodiments of the present invention have been disclosed 

for illustrative purposes, those skilled in the art will appreciate that various modi- 
fications, additions and substitutions are possible, without departing from the scope 
and spirit of the invention as disclosed in the accompanying claims. 



